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ABSTRACT
Lee, Nancy K., M.S., December 1984 Wildlife Biology
Evaluating elk habitat in terms of cover in west-central Idaho 
(56 pp.)
Director: Bart W. O'Gara
This study, conducted in west-central Idaho from July through 
September 1982 and June through November 1983, evaluated elk 
cover on portions of the Payette National Forest. Timber strata 
were used as sampling units. For each strata, cover boards were 
utilized to measure hiding cover and vertical structure. Thermal 
cover was evaluated by field estimates of tree densities and 
canopy closure. Strata 24 and 25 (mature-overmature trees with 
10-70% crown closure) provided hiding cover as well as some 
forage. Strata 21 and 22 (partial cuts with 10-100% residual 
stand cover) generally provided more forage than the other strata 
and also provided hiding cover. Thermal cover appeared to be the 
habitat component provided by strata 26 (mature with immature 
trees and 70-100% crown cover) and 35 (immature with mature trees 
and 70-100% crown cover). No direct correlation was found 
between hiding cover and use. When examining juxtaposition of 
strata, strata 24 and 25 were selected for and strata 20 
(clearcuts) and 40 (non-productive forest land) were selected 
against when adjacent to areas of high use. Road density 
inversely affected elk use of most strata. Elk selected for dry 
habitat types but this may have been a function of pellet groups 
being less readily identified and more rapidly decomposed in the 
moist sites.
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CHAPTER I
INTRODUCTION
Recent federal legislation has refined management of public lands* 
The National Environmental Policy Act of 1969, the Forest and Rangeland 
Renewable Resources Planning Act of 1974, and the National Forest 
Management Act of 1976 require an integrated approach to managing the 
renewable resources on public lands and a detailed plan for all 
management activities affecting those resources. As a result of the 
National Forest Management Act, all national forests were directed to 
write a Forest Plan governing all management activities for the next 30 
years. All activities are to incorporate the multiple use concept 
which insures utilization and perpetuation of the resources through 
time. Wildlife is one resource involved in this integrated approach.
On forested lands where timber harvest is often the primary 
management activity, other resources must also be considered. Because 
of their sensitivity to habitat alterations and their importance to 
man. Rocky mountain elk (Cervus elaphus nelsoni) have been the focus of 
numerous elk-logging studies (Edgerton 197 2, Marcum 1975, Baglien and 
Biggins 1976, Hershey and Leege 1976, Irwin 1978, Lyon 1979, Edge 1982, 
Irwin and Peek 1983).
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Habitat requirements of elk include cover, forage, and water.
Cover can be separated into thermal (vegetation that aids an elk in 
thermoregulation) and hiding (vegetation that provides security from 
disturbance, hunters, etc.). Thermal cover is a stand of coniferous 
trees 40 feet tall or more, with an average canopy cover exceeding 70%; 
hiding cover is vegetation capable of hiding 90% of an elk at 200 feet 
or less; and all areas not classified as cover are considered forage 
areas (Thomas et al. 1979a). They conclude that 60% forage areas and 
40% cover areas, with 20% hiding cover, 10% thermal cover, and 10% 
either hiding or thermal cover is optimum. Elk prefer areas less than
0.5 miles from water (Marcum 1976, Lyon 1980). Juxtaposition of these 
components, with good interspersion of cover and forage, is an 
important consideration in elk management.
The response of elk to disturbance, predominantly roads and 
logging, indicates a need for hiding cover (Allen 1977, Picton 1980, 
Edge 1982). Elk use increases as distance from roads increases (Perry 
and Overly 1977, Pedersen 1978) but increased cover reduces the 
affected distance (Hershey and Leege 1976; Morgantini and Hudson 1979; 
Lyon 1979, 1980; Edge 1982). When using clearcuts or forest openings, 
elk will utilize habitat with close proximity to cover (Pengelly 1972, 
Marcum 1975, Thomas et al. 1979a, Lyon and Jensen 1980). Cover 
provides security areas and is necessary in the presence of human 
disturbance (Peek et al. 1982). Buffer zones reduce displacement of 
elk during disturbance (Lyon 1980, Ward 1980, Edge 1982), Types of 
roads and vehicular traffic are an important elk management 
consideration. Open, well-traveled roads are avoided by elk but less
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
frequently traveled roads and closed roads have less impact upon elk 
distribution (Marcum 1975, Hershey and Leege 1976, Edge 1982). Steady 
traffic is less disturbing than occasional traffic with much 
"out-of-vehicle" activity (Ward 1976,1980; Pedersen 1978).
In 1980, personnel of the Payette National Forest and Idaho Fish 
and Game Department expressed concern that timber harvest was reducing 
cover for elk. At that time. Forest personnel working on the Forest 
Plan needed to quantify elk habitat so they could assess the current 
situation and evaluate the effects of future management activities. A 
project was initiated to evaluate cover and quantify elk habitat.
Gacey and Noblitt (Unpubl. Data 1981, New Meadows Ranger District, 
Idaho) developed a system for classifying elk cover and forage areas on 
the west half of the Forest. Using the Forest timber stratification 
units as sampling units, he obtained cover/forage ratios for each 
strata.
This study was initiated to quantify elk habitat on the east side 
of the Forest. Objectives of this study were to:
1. determine cover/forage ratios for each timber 
strata;
2. determine elk use in each strata;
3. examine the role of cover in elk use;
4. examine the influence of roads on elk use; and
5. examine the influence of juxtaposition of
surrounding areas on elk use.
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CHAPTER II
STUDY AREA
The Payette National Forest, located in west central Idaho, 
encompasses 2.3 million acres* It is bordered by the Snake River to 
the west, the main Salmon River to the north, and national forest lands 
to the south and east. The study was conducted on the east half of the 
Forest on the McCall and Krassel Ranger districts (Fig. 1). The 
following descriptive materials on soils, topography, and climate are 
from Arnold et al.(1970) and Thompson et al. (1973).
Soils and Topography
The area is situated within the Idaho batholith, a large mass of 
igneous granite rock covering much of central Idaho. Glaciation, 
fluvial action, and, to a lesser extent, faulting were the major land 
forming forces of the region. Elevations varied from 4,200 to 8,000 
feet. Although topography was largely characterized by moderately 
steep slopes, some locations were relatively flat.
Soil development was influenced by many factors, including 
topography, climate, and vegetation. Loss of soil and water was 
limited on gentler slopes leading to accumulation of organic matter and 
resulting in well developed, deep soils. Steep slopes frequently had 
shallow to moderately deep soils as a result of extensive overland flow 
and soil erosion.
4
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PAYETTE n a t io n a l  FOREST 
MCCALL & KRASSEL RANGER DISTRICTS
Iston
SFSR
McCi
Boise
Fig. 1 . KcCall and Krassel ranger districts on the Payette national lorest.
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Climate and Weather
Climate is controlled by two large pressure systems. One system 
is responsible for heavy precipitation, mostly in the form of winter 
snows and spring rains. About 75% of the annual precipitation falls 
between October and April. During summer, the dominating pressure 
system loses much of its precipitation before reaching the area, 
resulting in hot and relatively dry summer months.
Annual precipitation varies from 18 inches in the lowlands along 
the rivers to more than 55 inches in the high mountains, with an 
average of 32 inches for the area. Mean monthly temperatures range 
from 20° F in January to 6 8 F in July, and the average annual 
temperature is 35° F.
Vegetation
Vegetation was classified according to habitat type (Steele et 
al. 1981). Habitat types were of the Douglas-fir (Fseudotsuga 
menziesii)/ grand fir (Abies grandis). and subalpine fir (Abies 
lasiocarna) series. Low elevation, dry sites were dominated by 
Ponderosa pine (Finns ponderosa)/Douglas-fir community types. At its 
higher elevational range, the Douglas-fir community was associated with 
lodgepole pine (Finns contorts) and subalpine fir. The grand fir 
series were found at middle to upper elevations. Cool, high elevation 
sites were dominated by subalpine fir.
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Land Use Practices
Logging and fire suppression have influenced the vegetation of 
the area. During the last 50 years, fire suppression has resulted in 
much of the area progressing toward climax communities. In localized 
areas, however, partial and clearcuts have contributed to the 
maintenance of serai vegetative communities.
Accessibility, road density, and timber strata determined 
selection of areas sampled. Strata accessible by roads were chosen for 
expediency and to obtain an adequate sample size. Some remote areas 
were also sampled to evaluate the influence of roads on elk use.
Samples were obtained for each strata, but emphasis was placed on areas 
that were important in timber production— typically mature and 
overmature stands. Logged stands were sampled to obtain cover data for 
various successional stages.
Logging has been the major land use of McCall District for the 
past 50 years. Of the areas sampled, most of the logging had occurred 
within the last 15 to 20 years. The district had well-developed road 
networks with a high concentration of roads in the most productive 
timber areas. Slopes were generally less than 45%.
Krassel District is located along the South Fork of the Salmon 
River. Much of the district is characterized by steep V-shaped 
canyons, the result of both glacial and fluvial action, and comprised 
of highly erosive granitic material. Logging was the major land use 
practice from 1940 through the early 1960's when severe storms washed 
out roads, increased sediment in the River, and destroyed critical
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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salmon spawning areas. As a result, a moratorium on logging began in
1964 and lasted until 1978, when carefully monitored logging activities
2resumed. Road densities were as high as 13mi/mi in some areas prior 
to the moratorium, but the majority of those roads have been reclaimed 
by vegetation. Some road reconstruction has occurred in areas of 
current logging activity. Of the areas sampled on the district, the 
logged areas (strata 21,22) were logged prior to 1964. The Krassel 
District had generally drier habitats, steeper slopes, and less 
accessibility than the McCall District.
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CHAPTER III
METHODS
Data were gathered from July through September 1982 and from June 
through November 1983. Timber strata (contiguous stands of timber, 10 
to 150 acres in size, classified according to age class and density as 
interpreted from aerial photos) were used as the sample units (Table 
1). Cover was measured by randomly locating 2 transect center points 
within each strata. The center points chosen were representative of 
the strata and were located at least 400 feet apart. Two transect 
lines, 200 feet long, were taken from each center point on a random 
compass bearing. Along each transect line, 3 cover measurements were 
taken. The strata boundaries and center points were plotted on aerial 
photos and USGS orthophoto quads. From each center point, distances to 
adjacent strata and to roads were measured.
Hiding cover was measured by placing a cover board at the center
point and taking a reading back to it from a distance of 200 feet.
Initially, an elk silhouette was used as the cover board, but a compact
Gordon (1983) cover board was substituted after readings were shown
to be comparable. The Gordon cover board, 2.0 feet high and 2.5 feet
2wide, colored in a checkerboard pattern of 0.25 foot blocks, was held 
with the top horizontal edge 4.5 feet above the ground. Percent of the 
board visible was recorded. The procedure was repeated along each 
transect line. The 2 readings taken at each center point were averaged 
to obtain 1 cover reading for each center point. Readings that were 
influenced by topography were not used in calculations.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Description of Fayette National Forest timber strata.
strata description
20 clearcuts
21 partial cuts— 10-50% residual stand cover
22 partial cuts— 50-100% residual stand cover
23 mature-overmature trees— 70-100% crown cover
24 mature-overmature trees— 35-70% crown cover
25 mature-overmature trees— 10-35% crown cover
26 mature trees w/immature trees— 70-100% crown cover
27 mature trees w/immature trees— 35-70% crown cover
28 mature trees w/immature trees— 10-35% crown cover
29 burns
30 immature trees— 10-35% crown cover
31 immature trees— 35-70% crown cover
32 immature trees— 70-100% crown cover
33 immature trees w/mature trees— 10-35% crown cover
34 immature trees w/mature trees— 35-70% crown cover
35 immature trees w/mature trees— 70-100% crown cover
40,41,60 non-productive forest land
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Plots providing at least 90% cover at 200 feet were classified as 
cover while all other plots were classified as forage. Subsequent 
cover/forage ratios were determined for each strata. As used in the 
following discussions, cover coefficients refer to the cover value of 
these ratios.
Vertical structure of the understory was measured by the use of a 
vertical cover board, measuring 98 inches tall by 12 inches wide and 
partitioned into 5 alternating black and white sections (Nudds 1977). 
The board was placed along the transect line at 4 equidistant points,
30 feet apart, beginning at the center point. Visual measurements of 
the board were recorded from a distance of 50 feet outward along the 
transect line. Measurements of vertical vegetative coverage for each 
section were recorded using a numerical rating of 1 through 5 (1 =
0-20% coverage, 2 » 21-40% coverage, etc.).
Because many strata did not meet the strict definition of thermal 
cover but often ameliorated the affects of weather to some degree, a 
thermal cover rating was assigned at each point where vertical cover 
readings were taken. The ratings, 0 through 5, were based upon percent 
canopy coverage and tree densities (0— clearcuts, meadows, no canopy;
5— dense timber stand, 80-100% canopy coverage). Because of much 
variation between habitats, thermal cover was difficult to quantify, 
and the ratings were somewhat subjective.
Cover readings were interpreted 3 ways for each strata. One 
method assigned an averaged reading of the Gordon cover board (Gordon 
coefficient). A second method considered an area cover when 90% or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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more of the board was hidden from view at 200 feet and assigned 
subsequent cover:forage ratios. Additionally, each strata was assigned 
an averaged thermal cover rating.
Most studies incorporate both hiding and thermal cover in 
covertforage ratios; however, utilizing these methods, thermal and 
hiding cover were evaluated separately. In this study, thermal cover 
was not described as a dichotomous situation but a gradation. Hiding 
cover was determined independent of thermal cover. Subsequent 
discussions will reference these terms.
Elk use was determined by pellet transects, 4 feet wide, taken 
along each transect line. An additional 400-foot pellet transect was 
taken between the 2 center points for a total of 1200 feet (0.11 acres) 
per strata*
Portions of the study area were located on elk winter range. 
Certain habitat components were evaluated separately for winter range 
areas. In the following discussion, the term "winter range" refers to 
those areas located on traditional elk winter range, and "summer range" 
refers to all areas not part of the winter range.
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CHAPTER IV
RESULTS
Hiding Cover
Strata with small sample sizes were combined with similar strata 
for analysis. Strata 30 was combined with strata 29 (seedlings), 
strata 31 was combined with strata 32 (poles and saplings), and strata 
33 was combined with strata 28. Although some remaining strata 
contained few samples, they were considered distinct and could not be 
combined.
Cover/forage ratios and Gordon coefficients are summarized in 
Table 2. The cover coefficients are significantly lower than the 
Gordon coefficients for all strata except strata 32, which had ratings 
of 100% for both. The variation in Gordon board readings within each 
stratum are shown in Figures 2-8. No significant relationship was 
found between hiding cover and elk use.
Thermal Cover
Initially, ratings were based upon the strict definition of 
thermal cover (40 feet or more tall with 70% crown cover) and were 
either thermal cover, thermal benefit--not quite achieving thermal
13
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Table 2. Summary of mean readings of Gordon cover board and 
cover/forage ratios by strata.
Strata B
%
Gordon
coefficient
cover/forage 
ratios.
pellet
groups/
acre
20 35 51.7 26/74 8.2
21 40 81.6 60/40 21.8
22 47 62.5 51/49 28.1
23 14 89.9 71/29 5.4
24 34 87.4 74/26 28.1
25 17 84.6 71/29 47.2
26 40 96.8 88/12 14.5
27 43 91.2 79/21 29.9
28 16 85.0 63/37 5.4
29 7 85.0 71/29 18.2
32 8 100.0 100/ 0 11.8
34 20 95.5 90/10 9.1
35 30 93.6 80/20 14.5
40 __ 50.0* « N K M t W
* from Gacey and Noblitt (unpubl. data 1981)
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STRATA 20
PERCENT OCCURRENCE100
90 N - 35
Gordon coefficient ” 51.7 
Cover coefficient 25.700 -
70
60
50
40
30
20
 V///A v///A 2ZZZ2ZI EZ22Z2  P77777I fTTTTTTl W///A y////A
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-00 31-90 91-100PERCENT COVER
STRATA 21
PERCENT OCCURRENCE100
90 N - 40
Gordon coefficient 
Cover coefficient
61.6
60.080
70
60
50
40
20
10
'Ilà Kzzzza_ _ _ _ _ _ _ _ _ _ _0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
PERCENT COVER
Fig. 2. Frequency distribution of hiding cover readings 
for strata 20 and strata 21.
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STRATA 22
PERCENT OCCURRENCE100
90 N » 47
Gordon coefficient 
Cover coefficient
82.5
51.180
70
60
50
40
30
20
10
0 „E27/Zn.........V7777A
PERCENT COVER
STRATA 23
PERCENT OCCURRENCE
100
90 N « 14
Gordon coefficient 
Cover coefficient
89.9
71.480
70
60
50
40
30
20
10
0
PERCENT COVER
Fig. 3. Frequency distribution of hiding cover readings 
for strata 22 and strata 23.
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STRATA 24
PERCENT OCCURRENCE100
90 N - 34
Gordon coefficient ■ 07.4 
Cover coefficient — 73.580
70
60
50
40
30
20
10
17777771
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 61-90 91-100
PERCENT COVER
STRATA 25
PERCENT OCCURRENCE
100
90 H - 17
Gordon coefficient 
Cover coefficient
84.6
70.680
70
60
50
40
30
20
10
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
PERCENT COVER
Fig. 4. Frequency distribution of hiding cover readings 
for strata 24 and strata 25.
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STRATA 26 18
PERCENT OCCURRENCE100
90 N - 40
Gordon coefficient - 96-8 
Cover coefficient 67.580
70
60
50
40
20
10
0
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
PERCENT COVER
STRATA 27
PERCENT OCCURRENCE100
90 N - 43
Gordon coefficient - 91.2 
Cover coefficient - 79.180
70
60
50
40
30
20
10  1-
0 U/Æ:2i 22ZZZa__K2Z22a V77777\. _  Vj/Z/A__________WI/IÀ__WLUJL.
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 61-90 91-100
PERCENT COVER
Fig. 5. Frequency distribution of hiding cover readings 
for strata 26 and strata 27.
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STRATA 28 19
PERCENT OCCURRENCE100
90 N » 16
Gordon coefficient — 85.0 
Cover coefficient - 62.580
70
60
50
40
30
20
10
0 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100PERCENT COVER
STRATA 29
PERCENT OCCURRENCE100
90
Gordon coefficient ■ 85.0 
Cover coefficient 71.480
70
60
50
40
30
20
10
0
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 31-90 91-100
PERCENT COVER
Fig. 6. Frequency distribution of hiding cover readings 
for strata 28 and strata 29.
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STRATA 32
2 0
PERCENT OCCURRENCE100
90
Gordon coefficient — 100.0 
Cover coefficient “ 100.080
70
60
50
40
30
20
0-10 11-20 21-30 31-40 41-50 51-CO 61-70 71-80 81-90 91-100
PERCENT COVER
STRATA 34
PERCENT OCCURRENCE
100
90 H - 20Gordon coefficient 
Cover coefficient
95.5
90.080
70
60
50
40
30
20
10
0-10 PERCENT cover
Fig. 7. Frequency distribution of hiding cover readings 
for strata 32 and strata 34.
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STRATA 35
21
PERCENT OCCURRENCE100
90
Cordon coefficient • 93.6 
Cover coefficient - 80.080
70
60
50
40
30
20
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 61-90 91-100
PERCENT COVER
Fig, 8. Frequency distribution of hiding cover readings 
for strata 35.
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cover, or no thermal cover. These ratings were changed after the 0-5 
rating system was developed and an averaged rating for each category 
was assigned to these areas. Ratings were subjective but included both 
canopy cover and tree density, which frequently varied inversely with 
tree diameters. Habitat type influenced thermal cover ratings. 
Lodgepole stands rarely achieved 70% crown cover but grand fir stands 
with equivalent tree densities frequently did. The resulting thermal 
cover values, summarized in Table 3, appear low according to the 
assigned definitions, but they do provide a relative index of thermal 
cover. Re-evaluating these numbers, a more accurate description may 
be; 1— no thermal cover; 2— some thermal cover or thermal benefit 
provided; 3— meets thermal cover definition.
No direct relationship between thermal cover and elk use was 
observed. The exception was strata 25 (mature-overmature) on winter 
range, which showed an inverse relationship (r = -0.96, P<0.005). On 
winter range, strata 25 is usually characterized by dry, open slopes 
with large Ponderosa pine, some Douglas-fir, and frequent 
associationwith bitterbrush (Purshia tridentata).
An inverse relationship was observed between thermal cover and 
hiding cover for strata 23 Cr = -0.60, P<0.01). Strata 23 is 
characterized by dense stands of large trees. The reduced hiding cover 
in these situations is probably a function of lack of structural 
diversity of the understory and increased canopy cover limiting the 
amount of herbaceous understory. Hiding cover is directly related to 
thermal cover for strata 35 (r = 0.72, P<0.001). This increase is 
probably attributable to increased tree densities.
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Hiding Cover on Logged Areas
Logged areas with most or all of the overstory removed (strata 
20,21) were classified according to time since logging (6-10 yrs.,
11-15 yrs., 15-20 yrs., and 20+ yrs,). Time since logging showed no 
direct influence on hiding cover values (Table 4). Because habitat 
type and site productivity (which includes soils, slope, aspect, and 
elevation) are involved in the recovery of a logged site to cover 
(Thomas et al. 1979b), age alone cannot predict cover.
Time since logging did not appear to influence elk use. However, 
variation in cover, small sample size, and an uneven distribution of 
samples within each age class may have affected these results. Use was 
generally low on clearcuts, but partial cuts showed moderate use.
Elk Use of Strata
Elk use indicated a preference for strata 21,22,24,25. Strata 21 
and 22 are open stands, generally with much herbaceous production, and 
cover is provided by tree regeneration and deciduous vegetation. .
Strata 25 consists mostly of dry, open, grassy slopes. Strata 24 is 
often characterized by an open park with large mature trees capable of 
providing some thermal cover. On these sites, forage appears to be an 
important component.
Strata 27 is important to elk but not very important on summer 
range areas. Diversity of the vertical structure is provided by 
mixed-age timber, canopy closure is moderate, and forage production is
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Table 4. Mean hiding cover values and age since logging for
strata 20 and 21.
Time Since
strata 5-10 1&=29
20 39.0 59.7 45.5 81.0
(N) (12) (16) (12) (2)
21 77.4 82.8 82.5
(N) (8) (0) (35) (2)
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moderate. Mo reason is apparent for the discrepancy between use of 
winter and summer range*
Elk use of strata 29 is moderate, but its value is uncertain due 
to small sample size.
Strata 26 and 35 show moderate use by elk. These areas are 
generally more timbered than the previously mentioned strata. Forage 
may be limited, but these areas provide thermal and hiding cover and 
are probably essential at certain times of the year.
Strata 34 shows disproportionate use between summer and winter 
range with light use on winter range.
Other Factors Affecting Elk Use
Slope, aspect, and elevation, were thought to influence elk use of 
areas, but analysis of these variables indicated no significant 
relationship.
Each habitat type was assigned a numeric rating based upon a 
moisture-temperature gradient (Steele pers. comm.). Regression was run 
on the numeric rating with elk use. Results indicate an inverse 
relationship with elk choosing drier sites for strata 21,22,27,28,32 
(Table 5).
Elk Use in Relation to Roads
Current road densities were determined for Coordinated Allocation 
Zones (CAZ), contiguous blocks of land, 5,000 to 7,000 acres in size.
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Table 5. Relationship of habitat type to elk use. 
airat# JL. _c__  E_ _
20 40 -0.52 <0.001
21 43 -0.64 <0.001
22 46 -0.35 <0.05
23 18 -0.20 N.S.
24 42 -0.34 <0.05
25 18 —0.26 N.S.
26 39 —0.16 N.S.
27 44 -0.43 <0.01
28 15 -0.52 <0.05
29 6 +0.05 N.S.
32 8 —0.86 <0.01
34 20 -0.32 N.S.
35 28 —0.16 N.S.
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used as the primary management units in the Forest Plan. All sampled
areas within a CAZ were assigned the corresponding CAZ road density.
2 2 Road densities varied from 0 mi./mi. to 3.8 mi./mi. .
Strata 21*22,24,26,27,28,35 indicated a significant adverse
impact of road densities upon elk use (Table 6).
Strata 20 and 29 showed a significant, positive relationship
between elk use and road density. Because strata 29 had a small sample
size, determining actual influence of road density upon elk use was
difficult. Strata 20, being a logged site, was always in close
proximity to roads.
The remaining strata showed no significant correlation between
road density and elk use.
Roads were classified into 4 categories. Each road class was
assigned a coefficient based upon volume of traffic, type of traffic,
and time of year when most heavily used. This weighted road class was
combined with road density to give a road coefficient, but no
significant improvement was obtained by using the road coefficient in
place of road density to explain elk use.
Because conditions were not similar with regards to elk
distribution and habitat distribution, no significant relationship was
found between distance to roads and elk use.
Juxtaposition of Adjacent Strata
Juxtapostion of the different strata was thought to influnce elk
use. To test for the influence of adjacent strata:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
Table 6. Relationship of road density and elk use.
_JL   E_____
20 40 +0.50 0.001
21 43 -0.63 <0.001
22 46 -0.35 <0.05
23 18 +0.35 U.S.
2H 42 -0.41 <0.01
25 18 -0.06 N.S.
26 39 -0.41 <0.01
27 44 -0.42 <0.01
28 15 -0.52 <0.05
29 6 +0.90 <0.05
32 8 -0.03 N.S.
34 20 -0.15 N.S.
35 28 -0.45 <0.05
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1. the 3 closest adjacent strata were recorded for each sampled 
area;
2. the total occurrence of each adjacent strata was tallied for 
all sampled areas;
3. the total occurrence of each adjacent strata was also tallied 
for sampled areas showing high elk use ( M 8  pellet 
groups/acre); and
4. a chi-square test of goodness of fit was employed to compare 
results of steps 2 and 3.
Due to small sample size, combining of some adjacent strata was 
required for statistical analysis. Strata 29 and 30 were combined with 
strata 20, strata 34 was combined with strata 35, and strata 41 and 60 
were combined with strata 40 (non-productive timber).
A chi-square test, to determine if observed frequencies 
corresponded to expected frequencies of adjacent strata, was run for 
all areas sampled forest-wide (Table 7). Strata 24 and 25 were located 
adjacent to preferred areas significantly more than expected (P<0.005 
and 0.0I<P<0.05, respectively). And strata 20 and 40 were located 
adjacent to preferred areas significantly less than expected (P<0.005 
and 0.05<P<0.025, respectively).
For summer range (Table 8), frequency of strata 24 occurring 
adjacent to preferred areas significantly exceeded expected frequency 
(P<0.005); and strata 27 and 40 were found less frequently than 
expected (0.025<P<0.010 for both). Strata 22 was frequently found 
adjacent to preferred areas, but occurrence was not highly significant 
(0.10<P<0.05).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
31
Table 7. Comparison of distribution of adjacent strata for all areas
and for areas of high elk use— Forest-wide.
occurrence
adjacent
strata
total w/high use 
occurrence areas £ P
20 122 29 8.56 <0.005 -
21 46 . 18 0.03 N.S.
22 122 57 1.10 N.S.
23 22 12 1.08 N.S.
24 103 77 28.93 <0.005 +
25 71 44 7.76 0.01-0.005
26 251 91 1.19 N.S.
27 229 83 1.10 N.S.
28 36 13 0.16 N.S.
32 15 8 0.59 N.S.
35 SO 25 1.85 N.S.
40 -52 11 4.83 0.05-0.025
total 1149 468
ndicates elk prefer areas with this strata associated 
ndicates elk select against areas with this strata associated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
Table 8. Comparison of distribution of adjacent strata for all areas
and for areas of high elk use— summer range.
occurrence
adjacent
strata
total
occurrence
w/high use 
areas P
20 116 27 2.61 N.S.
21 41 15 0.29 N.S.
22 96 40 3.12 0.10-0.05 +
23 18 9 1.85 N.S.
24 49 32 17.89 <0.005 +
25 14 7 1.48 N.S.
26 209 64 0.62 N.S.
27 154 32 5.79 0.025-0.010
28 22 7 0.00 N.S.
32 4 2 0.38 N.S.
35 59 21 0.26 N.S.
40 j a . 5.41 0.025-0.010
total 825 261
+ indicates elk prefer areas with this strata associated 
- indicates elk selected against areas with this strata associated
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Of the areas sampled on winter range (Table 9), a significant 
negative correlation was found with adjacent strata 35 (0,05<P<0.025). 
The combining of strata 34 with strata 35 may have contributed to this 
negative correlation because strata 34 appeared to be selected against 
by elk on winter range. Strata 24 was frequently found adjacent to 
good use areas but occurrence was not highly significant (0.10<P<0.05).
Vertical Structure
A vertical cover board (Nudds 1977) was used to measure vertical 
structure of the different strata. Mean values for each vertical 
section are shown in Table 10. Analysis of variance was used to test 
for difference between strata for each vertical layer. Each vertical 
section was found to be significantly different between strata (Table 
11). A general decrease in cover, accompanied by an increase in 
variation, was encountered as vertical height increased. The upper 
vertical layers (4.8+ ft.) depict the varying degrees of cover provided 
at that height (Table 10).
For comparison, regression was run for each layer with the 
readings from the Gordon board. Results indicate the section, 4.8-6.4 
feet, correlates best with the Gordon readings (Table 12).
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Table 9. Comparison of distribution of adjacent strata for all areas
and for areas of high elk use— winter range.
occurrence
Ijacent
itrata
total
occurrence
w/high use 
areas £ P
20 6 2 0.98 M.S.
21 5 3 0.01 M.S.
22 26 17 0,01 M.S.
23 4 3 0.10 M.S.
24 54 45 2.92 0.10-0.05 +
25 57 37 0.00 M.S.
26 42 27 0.00 M.S.
27 75 51 0.15 M.S.
28 14 6 0.99 M.S.
32 11 6 0.18 M.S.
35 21 6 4.24 0.05-0.025 -
40 _9 -6 0.00 M.S.
total 324 209
+ indicates elk prefer areas with this strata associated 
- indicates elk select against areas with this strata associated
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Table 11. Variation In vegetation density between strata.
vertical
height
(ft.) P
6.4 + 18.1 <0.01
4.8-6.4 13.2 <0.01
3.2-4.8 6.6 <0.01
1.6-3.2 4.2 <0.01
0-1.6 4.4 <0.01
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Table 12. Comparison of vegetation density readings with Gordon cover 
readings.
vertical
height
(ft.) P
6.4 + 0.51 <0.01*
4.8-6.4 0.53 <0.01*
3.2-4.8 0.46 <0.01*
1.6-3.2 0.42 <0.01*
0-1.6 0.36 <0.01*
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CHAPTER V
DISCUSSION
Gordon coefficients for each strata appear to overestimate cover 
due to the additive effects of the readings (i.e., a strata with 50% 
cover for each reading would never actually provide hiding cover, yet 
the resulting value shows 50% cover). Thus, on a plot-by-plot basis it 
is an important measure to indicate how close an area approximates 
actual cover values. Cover/forage ratios illustrate the frequency that 
a strata provides hiding cover. Although most of these values also 
appear to be high (generally greater than 60%), they seem to 
approximate the hiding cover provided by each strata better than the 
Gordin coefficients. Leckenby and Adams (1981) found cover/forage 
ratios to be 38% cover and 62% forage on winter range, and 77% cover 
and 23% forage on summer range. In Wyoming, Long et al. (1980) 
reported overall cover/forage ratios to be 52% cover and 48% forage, 
with an increase in percent forage during spring. Hershey and Leege
(1982) reported a cover/forage ratio of 75% cover and 25% forage for 
their entire study area. However, they concede that this estimate may 
be high because all forested sites were considered cover although some 
contained small open areas.
The frequency distributions of Gordon cover readings (Figs. 2-8) 
aid in visualizing the cover provided by each strata. Most strata show 
a high frequency of readings at the 90-100% range. This may be due to
38
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the fact that even the lowest cover strata provide hiding cover at the 
200-foot sampling distance* To reduce this overestimation of cover, a 
shorter sight distance (i.e., 150 feet), or a mean distance to the 
nearest cover could be used instead. In Oregon, Leckenby and Adams 
(1981) reported the most frequent sight distance (at which cover was 
provided) was 150 feet in cover areas and greater than 300 feet in 
forage areas. Scott (1978) found lower sight distances in summer 
habitats and greater sight distances in fall and spring habitats.
Elk use did not appear to be directly related to hiding cover. 
Similar findings, reported by Lonner (1975), showed much variation in 
elk use within and between sight distance categories. The lack of 
selection for hiding cover by elk in this study may be due in part to 
the limitations of pellet group sampling techniques: pellet groups 
usually have non-random, clumped distribution, and deposition rate 
increases in heterogeneous habitat where animals are more mobile 
(Collins and Urness 1979, Rowland et al. 1984).
Because this was a general habitat survey, detailed analysis of 
seasonal habitat use was not possible. Hiding cover appears to be most 
important during the fall, primarily because of hunting pressure and 
rutting behavior (Lonner 1976, Allen 1977, Irwin and Peek 1979).
Hiding cover is less important during summer, but it is necessary 
during disturbance or increased human activity (Long et al. 1980, Peek 
et al. 1982). During the spring, forage requirements appear to 
supersede cover requirements (Pedersen et al. 1979, Irwin and Peek 
1983). Because of poor road conditions and light recreational
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
activity, human disturbance is usually reduced in spring. However, 
hiding cover is important at times of high stress (Peek et al. 1982) 
and during calving (Phillips 1974, Black et al. 1976). The importance 
of hiding cover in the winter is variable (Irwin and Peek 1983).
Other reasons no preference for hiding cover was found included 
unequal elk distribution throughout the study area. The strata sampled 
were from various locations throughout the 2 districts, and elk 
densities were higher in some localities than others. Additionally, 
increased cover may result in decreased forage production. The lack of 
elk association with cover may also have been influenced by the unequal 
distribution of human disturbance throughout the forest and throughout 
the different strata.
Sheep grazing occurred in portions of the study area and appeared 
to displace elk from those areas, at least temporarily, resulting in 
low use. Nichols (1957) reported elk leaving an area while it was 
occupied by sheep. Ward (1976) found that elk moved out of an area 
when sheep moved in, but he thought it was more a response to the 
herders and their dogs than to forage competition or interspecific 
behavioral response between the 2 ungulates.
Besides the social interaction, sheep and elk exhibit a good deal 
of dietary overlap (MacCracken and Hansen 1981) resulting in forage 
competition. Although no data were collected, elk apparently avoided 
sheep, but whether the avoidance was social or biological was not 
distinguishable.
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Because sampled areas infrequently met the definition of thermal 
cover, a gradation of thermal cover was assigned for each area 
instead. Evaluating thermal cover using aerial photos often 
overestimates the percent of canopy closure. In testing various 
methods for evaluating cover, O'Neil (1981) found that aerial photo 
interpretations resulted in the highest cover ratios* Because the 
3-dimensional canopy is "compressed" into a 2-dimensional array, I 
found that aerial photo interpretation frequently overestimated cover. 
Additionally, tree height, which is not readily distinguishable on 
aerial photos, greatly influences the ability of a stand to provide 
thermal cover. Ocular field estimates of overstory canopy appear low 
due to the mosaic of the canopy when observed from the ground. The 
assigned thermal cover values represent a good relative index of 
thermal cover for each strata and correlate well with the strata 
definitions (i.e., 23, 26, and 35 all have high thermal cover ratings, 
and based on photo interpretation these strata have 75-100% canopy 
closure).
Except for strata 25, no apparent relationship was evident between 
elk use and thermal cover. The lack of a strong selection by elk for 
thermal cover areas may be due to the large size of those areas which 
provide poor juxtaposition to open areas. Additionally, because elk 
use areas of varying degrees of thermal cover at different times, no 
linear relationship between thermal cover and elk use was evident.
In examining logged sites, no correlation was found between elk 
use and the age of the stand. Because delineated strata boundaries
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were based upon a 1976 classification, all logged sites were at least 5 
years old. Long et al. (1980) concluded elk will reinhabit a previously 
inhabited area shortly after the disturbance ends. Similarly, Pedersen 
et al. (1979) found that, with road closures, elk returned within 3 
years following logging, and Patton (1974) noted an increase in elk use 
following logging. Therefore, elk should have re-established 
themselves in these areas. However, in the logged strata sampled, 
although immediate activity had ceased long before my investigation, 
other nearby disturbances— logging, traffic, and human recreational 
activity— were not monitored and may have affected elk use. Ward 
(1976) reported that elk prefer cut-over areas, 16-20 years old, that 
have much palatable vegetation under the second growth trees. Small 
sample size and uneven elk distrubution may have obscured possible 
relationships between elk use and time since logging. In Wyoming, Long 
et al. (1980) found that elk occupied partial cuts sooner than 
clearcuts.
Because one aspect of the study was to evaluate cover provided by 
the strata following logging, transects were taken in the middle of 
each stand. Low pellet counts, especially in clearcuts, may be a 
function of the distance from edge. Lyon and Jensen (1980) attributed 
increased pellet groups in areas surrounding clearcuts to the fact that 
elk feed in clearcuts but move to adjacent cover to ruminate. 
Conversely, Scott (1978) found higher use within clearcuts than in 
surrounding areas. Studies have shown elk use up to 600 feet from the 
edge of cover at which point use sharply declines (Patton 1976, Long et
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al. 1980). On my study area, most clearcuts were between 10 and 60 
acres in size. Because of the lack of security areas in the larger 
clearcuts, a portion of the habitat was apparently not occupied.
Hershey and Leege (1976) attributed greater elk use of larger clearcuts 
to the quality forage provided but indicated most use was within 150 
feet of timbered edges.
Partial cuts (strata 21,22) showed more use by elk than 
didclearcuts. Similar results were reported by Marcum (1976) in 
Montana. However, Edgerton (1972) and Dealy (1975) found clearcuts 
with their increased forage production were preferred over partial cuts 
that lacked a corresponding increase in forage production.
The importance of each strata, based upon pellet counts, is 
difficult to determine without daily and seasonal use patterns.
However, my data indicate a preference by elk for moderately open 
timbered stands. Certain strata may occur in excess of habitat 
requirements and elk show no selection for this type because of its 
abundance; yet, these strata may provide important habitat during 
critical periods.
One assumption made in utilizing pellet groups to determine elk 
use is that pellet deposition is equivalent to time spent in an area. 
Ffolliott et al. (1977), using time-lapsed photography, and Edge and 
Marcum (Unpubl. Data), using radio-collared elk, found a good 
correlation between pellet groups and time elk spent in an area. 
Likewise, Cairns and Telfer (1980) and O'Neil (1981) reported that 
pellet distribution provided a good index of elk use. Contrary 
results, reported by Collins and Urness (1979) using tame elk,
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indicated that elk defecated when traveling from one location to 
another and spent only a fraction of their time enroute. Pellet groups 
may not be as readily visible and as persistent in all habitats (Neff 
1968). In this study, pellet counts were believed to represent a good 
index of use *
Elk appear to select for stands of light to moderate densities 
of large mature timber (strata 24,25) and open stands of productive 
forage (strata 21,22). Marcum (1976) found overstory canopy between 26 
and 75% was used by elk in excess of availability. Irwin and Peek
(1983) reported that elk selected for increasing canopy closure as 
seasons progressed from spring through fall with no apparent selection 
during winter.
Important to a lesser extent are dense timber stands that provide 
thermal cover (strata 26,35). Although Peek et al. (1982) stated 
thermal cover is necessary only during extreme conditions, Beall (1974) 
and Edgerton and McConnell (1976) reported that elk select appropriate 
cover to adjust the balance between heat loss and heat production. In 
Oregon, Leckenby and Adams (1981) reported that elk only left thermal 
cover during winter on sunny days when air temperatures were greater 
than 33*F. Thomas et al. (1979a) recommended 40% cover, with 20% 
hiding cover, 10% thermal cover, and 10% either hiding or thermal 
cover. Optimum cover:forage ratios were difficult to determine during 
this study because each strata was usually less than 150 acres in size 
and large areas need to be considered when determining cover:forage 
ratios; however, based upon pellet data elk were selecting for a mosaic 
of these components.
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Use of strata 27 on summer range was much less than on winter 
range. No reason is apparent for this discrepancy, but it may be a 
function of other stoichastic variables such as location of areas 
sampled or juxtaposition. Strata 34 also showed disproportionate use 
between summer and winter range. Low use on the winter range may be 
due to snow accumulation and lack of solar radiation. It may provide 
some thermal cover, but use is not reflected in pellet group counts. 
Conceivably, poor juxtaposition with important winter range forage 
areas may also account for low use.
Strata 23, dense stands of mature-overmature trees frequently 
typifying old growth stands, were characterized by dense canopies that 
lead to low understory production reducing hiding cover and forage 
production. These areas were relatively uncommon and usually not 
easily accessible because many of the former stands had been logged.
The low elk use recorded for these areas was due partly to the location 
of these areas relative to elk distribution. Old growth stands are 
important during summer as thermal cover areas (Pedersen et al. 1979, 
Hershey and Leege 1982). Because old growth stands provide travel 
lanes and are frequently associated with wallows, they are important in 
the fall, especially during the rut (Lonner 1976, Irwin 1978, Pedersen 
et al. 1979). Although pellet counts indicate low use, these areas 
provide important habitat components.
No selection was apparent for slope, aspect, or elevation.
Numerous studies have shown elk select for particular ranges of these 
variables at certain times of the year (Marcum 1975, Irwin 1978, Scott 
1978, Long et al. 1980, Hershey and Leege 1982, Irwin and Peek 1983).
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However, without specific temporal use patterns, discriminating elk 
preference for these variables becomes difficult. Also, sampled strata 
may not accurately reflect all the available ranges of these 
variables.
Because habitat types were numerous, evaluating their potential 
benefit to elk was difficult. Assigning a numeric rating for each type 
posed problems because of elevational variations, microsite 
differences, and serai stages of plant communities. Habitat types 
describe climax communities but the actual serai stage of the same 
community may differ greatly from one site to another. Irwin (1978) 
concluded that, because of much variation in habitat type selection by 
elk within the same area, no specific inference can be made regarding 
habitat type and elk use. Hershey and Leege (1982) believed cover 
type, rather than habitat type, was better in predicting elk use 
because it better described the current structure of the community.
The results of regression analysis, indicating a preference for 
drier habitat types, may be a function of commonly occurring habitat 
types within a given strata. Marcum (1976) and Lyon (1980) reported 
selection of moister habitat types by elk. Similar results, reported 
by Leckenby and Adams (1981), found that elk selected for moist meadows 
during calving and lactation and associated this to the succulent 
forage provided. Lonner (1975) and Scott (1978) found that elk 
selected moist sites in summer, but use shifted to drier sites during 
fall. Because of more rapid decomposition and dense vegetative cover on 
moist sites, pellet groups may be more readily detected on drier
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sites. Without data on daily or seasonal use, determining use of 
habitat types becomes difficult.
An increase in road densities led to a decrease in elk use for 
most strata. In strata 20, the positive correlation between elk use and 
road densities was probably because this strata, being clearcuts, 
occurred in areas of high road density. Increasing road densities 
usually reduce habitat effectiveness (Hershey and Leege 1976; Lyon 
1979, 1983; Long et al. 1980; O'Neil 1981). Additionally, roads 
result in a direct loss of habitat by removing it from production 
(Pedersen 1978),
The type of road and vehicular traffic is known to influence elk 
distribution in an area (Hershey and Leege 1976, Perry and Overly 
1977). Elk are less affected by constantly moving, higher volume 
traffic than by lower volume traffic with much in-and-out of vehicle 
activity (Ward 1973, 1976; Burbridge and Neff 1976; Long et al. 1980). 
Coefficients were assigned to each road based upon type of road and 
traffic. No significant improvement was achieved when using these 
coefficents in conjunction with road densities.
Elk response to road class and traffic varies seasonally (Marcum 
1975, Morgantini and Hudson 1979). In the fall, especially during 
hunting, traffic and associated activities cause the elk to seek dense 
cover (Marcum 1975, Morgantini and Hudson 1979, Irwin and Peek 1983). 
During springtime, when elk are foraging in open areas where early 
green-up occurs, impact of road traffic is less pronounced (Hershey and 
Leege 1976, Irwin 1978). Edge (1982) found elk using areas close to 
roads during calving and often using roads as travel lanes. He
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attributed the lack of avoidance of roads to traffic distribution and 
elk behavioral patterns. During summer, when much habitat is 
available, elk select for habitats farther from road disturbance (Ward 
1976, Irwin 1978, Pedersen 1978, Long et al. 1980, Hershey and Leege 
1982). Because elk use was not monitored seasonally, the effect of 
type of road and traffic was not apparent.
Although proximity to roads is known to adversely impact elk use 
(Ward 1973; Hershey and Leege 1976, 1982; Perry and Overly 1977; Irwin 
1978; Pedersen 1978; Scott 1978; Long et al. 1980; Edge 1982), no 
apparent effect was found in this study. The lack of road disturbance 
to elk was partly because of the uneven distribution of elk throughout 
the study area and uneven distribution of strata with relation to 
roads. On winter range, Rost and Bailey (1979) found that pellet 
densities increased with distance to roads. Perry and Overly (1977) 
reported a proportional increase in use as distance to roads increased 
up to 0.5 mile, at which point increase in use was less substantial. 
Marcum (1975) stated that avoidance of roads by elk is more a response 
to human activity than to the road itself. Other factors, such as 
traffic distribution and unequal elk distribution, may also contribute 
to the lack of association between distance to road and elk use.
Initially, juxtaposition of adjacent strata was to be analyzed for 
each strata sampled. It was thought the various combinations of strata 
would indicate preferred habitat interspersion. However, several 
combinations occurred, resulting in a very small sample size for each 
combination. Instead, strata adjacent to preferred elk use areas were 
compared to all adjacent strata. Analysis of preferred areas indicated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
an affinity for certain adjacent strata (24, 25) but an aversion for 
other adjacent strata (strata 20, 27, 35, 40). Reasons for these 
preferences correspond to those discussed previously, regarding elk use 
of each strata.
The vertical structure of each strata, summarized in Table 10, 
indicate that all strata appeared to have relatively dense cover in the 
first 3.2 feet. The stands that are more structurally diverse have 
high cover values for the upper layers (>4.8 ft.) due largely to the
multi-layered characteristic of the stand (strata 26,27,32,34,35).
In comparing the 2 cover boards, the fourth layer (4.8 ft.- 
6.4ft.), indicated the best correlation with the Gordon cover 
readings. However, no readings of the vertical cover board
demonstrated a high correlation to the Gordon board readings.
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CHAPTER VI 
Summary
This study was conducted from July through September 1982 and June 
through November 1983 on the Payette National Forest in west-central 
Idaho to evaluate the cover provided on portions of the Forest. Timber 
strata were used as the sampling units. For each strata, cover boards 
were utilized to measure hiding cover and vertical structure. Thermal 
cover was evaluated by field estimates of tree densities and canopy 
closure.
Hiding and thermal cover values were assigned to each strata.
Areas showing good elk use were evaluated in terms of cover provided. 
Strata 24 and 25 (mature-overmature trees with 10-70% crown cover) 
provided hiding cover as well as some forage. Strata 21 and 22 
(partial cuts with 10-100% residual stand cover) generally provided 
more forage than the other strata and occasionally provided hiding 
cover. Thermal cover appeared to be the habitat component provided by 
strata 26 (mature with immature trees and 70-100% crown cover) and 
35 (immature with mature trees and 70-100% crown cover). No direct 
correlation was found between hiding cover and use.
Optimum cover:forage ratios are difficult to determine because 
each strata is usually less than 150 acres in size and large areas need 
to be considered when determining appropriate cover:forage ratios.
When examining juxtaposition of strata, strata 24 and 25 were selected
50
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for and strata 20 (clearcuts) and 40 (non-productive forest lands) were 
selected against when adjacent to areas of high use.
Road density was found to inversely affect elk use of most 
strata. But no significant improvement occurred when type of road and 
type of traffic was considered together with road density. Because 
extraneous factors influencing elk use were encountered, including 
unequal elk distribution, unequal distribution of disturbance (i.e., 
sheep grazing), and uneven distribution of strata in relation to roads, 
no significant relationship was found between elk use and distance to 
roads.
Elk selected for dry habitat types but this may have been a 
function of pellet groups being less readily identified and more 
rapidly decomposed in the moist sites.
Although slope, aspect, and elevation were not found to have 
direct bearing upon elk use, caution must be advised when interpreting 
these results. Lack of association between elk use and these variables 
was largely due to sampling techniques and unequal distribution of 
elk. Samples were taken from many locations on the Forest to obtain 
sufficient sample size and all conditions were not constant. Lack of 
data on seasonal and temporal use, lack of measure of edge habitat and 
limitations of pellet group censusing contributed to lack of conclusive 
results.
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